To examine concussion-related disability in neck injuries, the Rivermead Head Injury Follow-Up Questionnaire (RHFUQ) was applied. Furthermore, we wanted to investigate symptoms found in post-concussion syndrome (PCS) and global pain, neck pain intensities obtained from acute whiplash patients within 1 week and at 6 months after injury in a prospective study on 1-year work disability.
Introduction
Concussion-related symptoms are in general perceived as symptoms related to recent or earlier head/brain injuries. The distinction between mild traumatic brain injuries with scores on the Glasgow Coma Scale from 13 to 15 and whiplash (neck) injuries can be difficult to assess at temporal distance from the injury scene.
Whiplash injury may lead to a multi-facetted condition associated with a large variety of symptoms: neck pain, headache, stiffness of neck muscles, paraesthesia in the shoulder/arm/hand, fatigue, memory disturbances, lack of concentration, irritability, anxiety and low self-efficacy beliefs, and a syndrome designated whiplash-associated disorders (WAD). 1,2 WAD can be classified by the severity of signs and symptoms from grades 0 (no complaints or physical signs) to 4 (fracture or dislocation). 2, 3 Factors related to poor recovery following whiplash injury are high initial neck pain intensity, socio-demographic status, compensation (litigation), psychosocial factors, and physical factors including reduced neck mobility, impaired sympathetic vasoconstriction, and reduced cold pain tolerance. [4] [5] [6] Individuals sustaining apparently mild head injuries often complain of several physical, cognitive, and emotional/behavioural symptoms referred to as post-concussion symptoms 7-9 and 10 main symptoms are included in the post-concussion syndrome (PCS as defined by the Mayo Clinic; https://www.mayoclinic.org/diseases-conditions/post-concussion-syndrome/symptoms-causes/syc-20353352). These symptoms include headache (post-concussion headache), dizziness, fatigue, irritability, anxiety, insomnia, concentration problems, tinnitus, blurred vision, and sensitivity to noise. This cluster of symptoms can persist from months to years following injury and cause prolonged disability. 8, 9 Symptoms from PCS are common complaints in chronic pain conditions in the absence of previous head injury, but in other types of mishaps, like whiplash injuries these symptoms are often reported. 10 The Rivermead Head Injury Follow-Up Questionnaire (RHFUQ) was devised on the basis of clinical experience to measure functional and social outcomes in cases of minor head injury. 11 The questionnaire was found reliable in detecting changes in patients with minor head injury. RHFUQ covers disability and the practical consequences of any loss of function.
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Rehabilitation Process and Outcome
The aim of this study was to apply The Rivermead Head Injury Questionnaire 11 in a group of neck-injured patients. Do so-called 'head-injury symptoms' relate to region of injury or are they less specific. 10 The hypothesis of this study is that concussion-related disabilities derived from the RHFUQ scores and the burden of so-called concussion-related symptoms in similarity with neck pain and global pain predict non-recovery after whiplash injury.
Methods
Study design
During a 1-year period, patients admitted to 1 of 2 emergency departments from an area covered by Aarhus University Hospital Denmark, being exposed to a whiplash injury during rear-end collision motor vehicle accidents within 48 hours after a car accident were invited to participate in this study. Consecutive patients who gave informed written and verbal consent to participate were followed in a prospectively designed 1-year follow-up study. In this study of concussion-related symptoms, the whiplash-injured subjects underwent a semistructured interview, questionnaires and a thorough neurological examination within 1 week and after 6 months post-injury. Recovery (return to work) and work disability were registered after 1-year post-injury. 12 Work disability was determined by a semi-structured interview where whiplash-injured patients were asked to choose between 6 items after 1 year: (1) My working capacity is the same as before whiplash injury. (2) I work the same hours as before whiplash injury, but my tasks have been simplified or reduced due to problems after injury.
(3) I have reduced working hours and reduced work capacity due to problems after whiplash injury. (4) I have been dismissed from my job or have changed job due to problems after whiplash injury. (5) I am in job training due to problems after injury. (6) I have applied for or have received disability pension due to problems after injury.
A person was regarded as work disabled if he or she selected item 3, 4, 5, or 6. Number of days until return to work or daily activities after injury was also obtained. Observation time was often more than 365 days. Written and verbal informed consent was obtained from the participants at first visit. The study was approved by the local Ethics Committée for Aarhus County (registration number 1996/3799) and was conducted in accordance with the Helsinki II Declaration.
Inclusion/exclusion
Participants met the following inclusion criteria: age between 18 and 70 years, exposure to a rear-end car accident with preserved consciousness during collision, and classification of WAD grades I-III. Exclusion criteria were WAD grades 0 or IV, retrograde or anterograde amnesia after the accident, alcohol or substance abuse, severe psychiatric disorder or somatic disease, and previously recognized chronic pain conditions.
Outcome measures
Self-reported neck pain intensity was measured on a 10 cm (100 points) Visual Analogue Scale (VAS 0-10), from 0 = no pain to 10 = unbearable pain.
RHFUQ was based on 10 items and a total range of scores between 0 and 40 was obtained from the graded response (0-4). The RHFUQ assessed different bio-psycho-social aspects of life by addressing functional activities such as ability to participate in conversation with one or more people, performance of routine domestic activities, ability to participate in previous social activities, ability to enjoy leisure activities, ability to maintain previous work/load standard, finding work more fatiguing, ability to keep relationship with friends or partner, and ability to cope with family demands. The rating score was 0 to 4, with 0 = no change in comparison with the function level before the injury; 1 = no change, but more difficult; 2 = a mild change; 3 = a moderate change; 4 = a very marked change. 10 Pain scores and RHFUQ were obtained at 1 week and 6 months post-injury. Recovery (return to work) was registered at 1-year post-injury. Patients, who did not return to work due to WAD symptoms, were registered as non-recovered. 12 
Statistical analysis
Non-parametric tests for 2-sample data were used when comparing data of whiplash patients who recovered (returned to work) after the observation period with non-recovered patients. Proportions were analysed with Fisher exact test. VAS pain intensities were calculated as median values.
P-values indicate tests of group differences: P < .05 was considered significant. For multiple comparisons, Bonferroni correction was applied. Receiver-operating characteristic curves (ROCs) and sensitivity and specificity plots were provided to examine the predictive value of RHFUQ. A multiple regression model was fitted to examine the relationship between PCS symptom score, total RHFUQ score, and reported neck pain (VAS 0-10).
Results
During a 1-year period, 230 patients exposed to acute whiplash injury were admitted to 1 of the 2 Emergency Departments at Aarhus University Hospital, Denmark, covering an area of approximately 380 000 citizen (from 1997 to 1999). Thirty-two patients with a medical record of previous neck or low back disorders, head injuries (including post-concussion syndrome), severe headache, migraine or widespread pain, severe psychiatric disease, and medication or alcohol abuse were excluded. Of the remaining 198 subjects, 55 did not show up at the first examination. One hundred and forty-three whiplash-exposed subjects (WAD grades I-III) were examined and completed semi-structured interviews on pain and PCS symptoms and the RHFUQ 1 3 week post-injury. At 6-month follow-up, 122 patients underwent semi-structured interview and 112 completed RHFUQ. One year after the injury, 12 (8%) of the initial 143 participants did not regain the same work capacity as before the injury, 96.5% (138/143) completed the study. Of these 12 non-recovered subjects, 11 participated in the 6-month follow-up, 10 completed RHFUQ.
Recovered and non-recovered patients did not differ with respect to age, sex, weight, height, body mass index, marital status, educational status, work intensity, car speed, or estimated car damage (see Table 1 ).
A comparison of RHFUQ answers in all 10 items at 1 week and 6 months post-injury between recovered and non-recovered patients (see Table 2 ) revealed higher total scores after 1 week (p < .023). After Bonferroni correction, 4 of 10 items (3, 5, 6, 7) were not different. After 6 months 10 of 10 items were different, most affected activities in the non-recovered group were ability to maintain previous work load/standard, perfor- mance of routine domestic activities and participate in conversation with 2 or more persons, and finding work more tiring.
Receiver-operating characteristics of RHFUQ total score after 1 week used to predict 1-year work disability revealed an ROC area of 0.76 (95% CI: 0.61; 0.92) and with a cut-off of 10 points (score from 0 to 40) a sensitivity of 75% and a specificity of 67.2% was yielded (Figure 1) .
The non-recovered reported, early after injury, significantly higher intensities of neck pain, headache, shoulder-arm pain, and lower back pain as well as global pain (Figure 2) .
To assess symptoms known to be associated with concussion, we also examined the initial frequencies of headache, dizziness, fatigue, irritability, anxiety, insomnia, concentration loss, tinnitus, blurred vision, and noise sensitivity. As shown in Figure 3 , marked difference in response is shown in the group that did not recover regarding irritability, insomnia, and concentration loss. A multiple regression model was fitted to examine the relationship between RHFUQ (score: 0-40) and PCS symptoms (score: 0-10) and neck pain assessed by VAS (score: 0-10). The standard deviation of the error was of 5.66 (95% CI, 5.06; 6.43) 
Kasch and Jensen 5
Discussion
This prospective study finds that concussion-related symptoms and disabilities are frequently encountered after whiplash injury and shows that the RHFUQ adequately predicts 1-year work disability after whiplash injury.
Whiplash patients included in this study were not unconscious during or after whiplash injury. They did not endure direct head trauma or other associated injuries and did not report retrograde or anterograde amnesia at the time of injury. The RHFUQ 11 after 1 week detected non-recovery (ROC of 0.76, 95% CI, 0.61; 0.92). When we applied a cut-off of 10 (min. 0, max. 40), sensitivity was of 75% and specificity of 67% as a stand-alone test for 1-year work disability. The scores of all individual 10 items worsened in the non-recovered group, and, as a result, the sum score rose from 16.2 to an average of 22.2. An improvement was seen in the recovered group in RHFUQ score from 6.8 to 5.0 after 6 months.
Brain strains may develop during rear-end car collision as shown in kinematic studies. 10 We did not perform biomechanical evaluation in this study. As surrogate measures, we used patient-reported outcomes describing the whiplash injury and used their information on car damage. We found no difference in reported car speed (difference in speed between the 2 colliding cars) or car damage in recovered and non-recovered patients. Our results showed no difference in age, sex, educational status, or marital status between recovered and nonrecovered patients. Our findings support previous studies of disability following acute whiplash injury, emphasizing the influence of the patients' reaction to their injury. [13] [14] [15] The RHFUQ questionnaire assessed changes in ability for different tasks after the injury by asking the patients to describe the extent to which they considered that there had been a change in some of the basic aspects of their everyday lives. One week post-injury, the non-recovered patients tended to have difficulties in coping with their partner, family, and friends. As would be anticipated, a significant impairment indicated by RHFUQ correlates positively with disability. RHFUQ scores were higher after 6 months in non-recovered whiplash patients as compared to initial scores and to the recovered group.
The items from the RHFUQ seem important for the disability found after whiplash injury. Difficulties in coping relationship and conversation after 1 week and scoring marked changes in the aspects of everyday life 6 months post-injury, suggesting that long-term disability after whiplash may be the result of other factors than the collision trauma. [16] [17] [18] Significant differences between the recovered and non-recovered whiplash patients reflected by the RHFUQ demonstrate the importance of bio-psycho-social aspects of developing long-term disability after acute whiplash injury. 19 RHFUQ scores in mild traumatic brain injuries in a Swedish study were similar to our findings in whiplash-injured patients. 20 The simplicity of the items in the RHFUQ makes the questionnaire useful in clinical services and provides acceptable predictive value. Better tests are however available. 3, 13 Even so, the findings of this study suggest the appropriateness of performing causal considerations regarding the origin of symptoms ascertained in or reported by victims/injured subjects, eg, carefully considering stress-related mechanisms, neuroinflammation, genetic susceptibility, and social constructions, but also reconsidering head-neck kinematics. 10, [21] [22] [23] 
Conclusions
This study found the presence of symptoms usually reported after known brain trauma/injury in a cohort of whiplashinjured (WAD grade I-III) subjects reporting significant disabling symptoms on the so-called RHFUQ. Non-recovery was not related to patient-reported injury-related properties. The study underlines the need for a better understanding of the post-injury mechanisms pertaining to minor injuries, ie, whether they are 'psychological' or 'biological' stress/neuroinflammation, social constructions, or of unknown (micro-) biological origin. This should be investigated.
